Structural transformation of the sesquiterpene ester, ferutinin (1), by suspended fungal cultures of Aspergillus niger, Rhizopus stolonifer, and Fusarium lini, resulted in the formation of a metabolite. This metabolite was identified as ferutinin α-epoxide (2), by different spectroscopic techniques. Metabolite 2 showed a good antibacterial activity against Staphylococcus aureuscompared to ferutinin (1).
INTRODUCTION
The ability of microorganisms to oxidize chemical compounds has an immense syntheticand commercial importance. The hydroxylation of a large number of substances, including terpenes, has been studied by employing a variety of microorganisms. 1 However, no report concerning the transformation of ferutinin (1)by microorganisms or plant cell cultures has been found in the literature. Ferutinin (1),C 22 H 30 O 4 , is a p-hydroxybenzoyl ester and a potent naturally occurring non-steroid estrogenic compound. It is an agonist for an estrogen receptor (ER), and it opens the mitochondrial permeability transition pore (MPTP). 2 Ferutinin (1) showed good antibacterial activity against Staphylococcus aureus.
3 Ferutinin (1) was initially isolated from the roots of Ferula harmonis, aFerula tenuisectaEug. Kor. 4 which is a native plant of Syria and Lebanon that grows in particular at more than 2,500 meters on Mount Hermon.
In continuation of our biotransformation studies on bioactive compounds, [5] [6] [7] [8] the synthesis of the derivative of ferutinin (1) by transformation from Aspergillus niger, Rhizopus stolonifer, and Fusarium liniis described here within. This resulted in the formation of compound 2 which was identified as ferutinin α-epoxide (2),and its spectroscopic data has been reported here for the first time.Metabolite 2 was tested for antibacterial activity against S. aureus, and it showed the same level of antibacterial activity as substrate 1.
EXPERIMENTAL General
Ferutinin (1) 68751) were purchased from the Northern Regional Research Laboratories (NRRL), Peoria, Illinois, U.S.A., and grown on Sabouraud-4% potato dextrose-agar (Merck) at 28°C and stored at 4 °C. The medium for A. niger was prepared by mixing the following ingredients into distilled H 2 O (1.5L): glucose (30.0 g), peptone (7.5 g), yeast extract (7.5 g), KH 2 PO 4 (7.5 g), NaCl (7.5 g), and glycerol (7.5 mL).The medium for R. stolonifer was prepared by mixing the following ingredients into H 2 O (1.5L): glucose (30.0 g), peptone (7.5 g), yeast extract (7.5 g), KH 2 PO 4 (7.5 g), and NaCl (7.5 g).The medium for F. lini was prepared by mixing the following ingredients into H 2 O (1.5L): glucose (30.0 g), peptone (7.5 g), yeast extract (7.5 g), KH 2 PO 4 (7.5 g), and NaCl (7.5 g).
Fermentation and Extraction Conditionsfor Substrate 1
The fungal medium was transferred into 250 mL conical flasks (100 mL each) and autoclaved at 121°C. Mycelia of A. niger, R. stolonifer, and F. lini were transferred to all the flasks and incubated at 28°C for three days with rotary shaking (128 rpm). After three days, compound 1 (0.25 g, 0.70 mmol) for each fungus was dissolved in 6 mL acetone and added to each flask (20 mg/0.5 mL acetone),and the flasks were placed on a rotatory shaker (128 rpm) at 28 °C for fermentation.
Parallel control experiments were conducted which included an incubation of the fungus without sample 1 and another incubation of 1 in a medium without fungus. Time course studies were carried out after every 24 hours,and the degree of transformation was analyzed by TLC. After 10 days, the culture medium was filtrated and extracted with dichloromethane (12 L) in three portions. The extract was dried over anhydrous Na 2 SO 4 and evaporated under reduced pressure, and the brown gummy crude residue around (0.30 g) for each experiment was analyzed by TLC.
Isolation of Transformed Products
The crude extract was dissolved in dichloromethane and methanol ( 
Antimicrobial Activity Assay
Cultures of Staphylococcus aureus, ATCC 25923,weregrown in a nutrient broth (Oxoid) overnight at 37 o C and maintained on nutrient agar (Oxoid) plates at 4 o C.Ferutinin (1) and its metabolite 2 were screened for their antimicrobial activity using the diffusion technique on solid media. Cups of 8 mm diameter on seeded nutrient agar plates were filled with the saturated ethanolic solution of ferutinin (1) and its transformed product 2. The plates were incubated for 24 hours at 37 o C for S. aureus. Control cups containing the solvent alone were also included. Minimum inhibitory concentration was determined for compounds 1 and 2 using the broth dilution method. Chloramphenicol (Pliva) was tested as a standard. The experiment was carried out intriplicate. additional epoxide-bearing methine proton signal at δ 2.86 (t, J = 7.5 Hz), while the 13 C-NMR spectrum showed an epoxide-bearing methine carbon at δ 61.0 and quaternary carbon at δ 56.2, and disappearance of C-9 and C-8 signals at δ 125.3 and 133.5, respectively, in comparison to compound 1. HMBC spectrum of metabolite 2 showed correlations of H 3 -15 (δ H 1.24), H 3 -11 (δ H 1.47), and H-7 (δ H 2.25) with C-9 (δ C 61.0), while H-9 (δ H 2.86) showed correlations with C-1 (δ C 44.4), C-7 (δ C 44.3), and C-8 (δ C 56.2), which further supported epoxidation at C-8 and C-9.A COSY 45 o spectrum
RESULTS AND DISCUSSION
showed correlations of H-9 withboth H 2 -10. The α stereochemistry of the epoxide was inferred by NOESY correlations of H-6 (δ 5.41) and Me-15 (δ 1.24) with Me-11 (δ1.47), and H-9 (δ H 2.86) (Figure2).The structure of compound 2 wasdeduced as ferutinin α-epoxide.
Compound2 was tested for its antimicrobial activity against S. aureus, incomparison with ferutinin (1) and chloramphenicol as a standard. Results indicate that ferutinin α-epoxide (2) has no change in antimicrobial activity against S. aureus, in comparison with ferutinin (1) (Table2). This explains that endocyclic double bond has no contribution against antimicrobial activity. Moreover, Al-Sha'eret al. 3 has reported that the phenolic group in ferutinin is responsible for the above mentioned activity which was further supported by our results. ACKNOWLEDGMENT Mohammad Yasin Mohammad acknowledges the financial support of the University of Karachi during his Ph.D. studies. 
